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Boehm titration method
Boehm's titration method is a commonly used method for determination of surface acid oxygen containing functional groups. The principle of this method is based on the reaction between different intensities of alkali and different oxygen containing functional groups on the surface for qualitative and quantitative analysis. As known, NaHCO 3 can only neutralize carboxyl groups on carbon surface, while Na 2 CO 3 can neutralize carboxyl groups and lactone groups on carbon surface, and NaOH can neutralize carboxyl groups, lactone groups and phenolic hydroxyl groups on carbon surface. According to the quantity of consumption of alkali, the corresponding content of oxygen containing functional groups can be calculated. The specific operation can be separated into two steps. Firstly, 0.1 N standard solutions of ethanol sodium, sodium hydroxide, sodium carbonate, sodium bicarbonate and hydrochloric acid were prepared respectively, and 25 ml of the solutions and 0.5 g of water chestnut skin biochar were mixed in a 100-ml plug taper bottle. Secondly, the conical flask was put on a thermostatic oscillator shaking at 25 °C for 24 h. After filtration with deionized water until the biochar samples were free from alkali, the mixture was titrated by hydrochloric acid solution. Finally, the corresponding content of oxygen containing functional groups was calculated from the standard solution consumption of four kinds of alkali.
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Point of Zero Charge (PZC)
A series of 0.01 M NaCl solutions (50 mL) were added respectively into eight 100ml conical flasks. The pH values of the solution were adjusted to the values from 2 to 12 using sodium bicarbonate and hydrochloric acid solutions, and then 0.15 g of biochar was added into the solution. Subsequently, the conical flasks were placed on the thermostatic oscillator shaking for 2 h at 25 °C, and final pH was measured after 48 h of agitation. The plot of pH effect was made with the original pH as the abscissa and the pH after reaction as an ordinate. The position at which the addition of samples did not cause changes in pH value was defined as PZC. 
